1. In cell-free protein synthetizing systems of the green alga Chlorella pyrenoidosa, DNA from various sources enhances the amino acid incorporation.
Cell-free protein synthetizing systems are shown to decode usually messenger RNA during the for mation of polypeptides. From the green alga Chlo rella, cell-free extracts were shown to incorporate amino acids into polypeptides by an energy depen dent, GTP stimulated, ribonuclease sensitive reac tion *. This endogenous incorporation can be sti mulated by the addition of RNA from several cell fractions 2> 3.
Recently, a direct interaction of DNA with ribo somes was described in cell-free systems obtained from rat liver nuclei 4. This stimulation was inter preted as direct translation of DNA. It could not be obtained with extracts from bacterial cells, in which DNA exhibits an inhibitory effect5. With contrast to this, bacterial cell-free systems are able to translate directly DNA of various sources in the presence of n eom ycin6-8. This effect of neomycin could not be observed in cell-free systems of rat liver nuclei 5. In Chlorella, DNA enhances the amino acid incorpora tion in vitro 9 while systems of the blue-green alga Anacystis nidulans are not stimulated by the addi tion of DNA 2.
The results of experiments reported here indi cate, that DNA of various sources enhances the
Methods

Preparation of cell-free systems
Chlorella pyrenoidosa was growrn in sterile, axenic culture in inorganic salt medium 10 under continuous illumination at 30 °C. The single steps of the prepara tion of ribosomes and supernatant enzymes have been previously described *. After disruption of the cells with glass beads, the homogenate was precentrifuged 30 min at 30 000 g. From this supernatant, the ribo somes were pelleted after 90 min at 105 000 g 0 . The protein of the supernatant was precipitated with am monium sulphate at full saturation in the cold and dialyzed overnight against buffer. The ribosome pellet was resuspended and centrifuged 180 min at 105 000 g 0 . From this pellet, the upper layer consisting of small chloroplast particles was discarded and the clear opalescent ribosome pellet was resuspendet and cleared by centrifugation in 20 min at 20 000 g 0 . All steps were performed near 0 °C.
Preparation of labelled and unlabelled DNA from Chlorella
To obtain radioactive DNA from Chlorella, the al gae were grown 5 days in the presence of 0.2 /^C/ml of (2-14C) thymine. After preparation of the nucleic acids with the phenol method n , DNA was purified by chromatography on MAK-columns. The DNA-containing fractions were collected, and the nucleic acids precipitated with ethanol. After dialysis, the volume was decreased by dialysis against a 30 percent dextrane solution in buffer 12. Unlabelled DNA from Chlo rella and also from the blue-green alga Anacystis nidulans were prepared and purified by direct isolation of macromolecular DNA after deproteinization with isopropanol and chloroform 13.
Incubation and analysis of polysomal fractions
The incubation mixture of the cell-free system of Chlorella has been previously described 1. For precipi tation and purification of the polypeptides formed in vitro, the paper filter disc method was used 14. In some experiments, aliquots of the samples were layered after 10 min of incubation on top of a 10 through 40 per cent linear sucrose gradient in tris buffer, supplied with Mg20 and K®, and centrifuged 60 min in the SW 651 rotor of the Spinco ultracentrifuge writh 65 000 rev/min at 0 °C. After puncturing the bottom of the tubes, the optical density of the effluent at 260 m/t was recorded automatically in a Zeiss PM Q II spectrophotometer equipped with continuous flow quartz cell. 
Electron microscopy
Aliquots of the polysomal fractions were plated on carbon coated formvar films. After drying, the pre parations were stained with uranyl acetate overnight, washed several times in bidist. water, and dried. Elec tron microscopy was performed in a Philips EM 200 electron microscope equipped with a cooling device.
R e su lts
In cell-free amino acid incorporating systems of Chlorella, consisting of ribosomes and enzymes, D NA of various sources enhances the incorporation of amino acids into peptides ( To study the role of DNA -ribosome complexes formed in vitro during the incubation with cofactors, required for polypeptide synthesis, sucrose density gradient centrifugation and electron microscopy were performed. Ribosomes prepared from Chlorella were centrifuged in density gradients before and after incubation with DNA. Fig. 1 endogenous mRNA mediated amino acid incorpora tion is not affected by neom ycin alone, while in the presence of DNA and neom ycin up to 28-fold in crease is reached. The table shows also that the reac tion needs both, ribosomes and enzymes. Attempts to obtain electron micrographs of the direct interaction of DNA with ribosomes in the presence of neomycin have not been successfull.
In fig. 4 , the kinetics of the amino acid incorpo ration under the three conditions described above are shown. The endogenous m RNA mediated incor poration levels off after little more than ten minutes. In the presence of D N A, the reaction proceeds at a linear rate for 10 min, then levels off slowly during another 30 minutes. With neom ycin and DNA, the reaction rate is linear for at last 40 min and only decreases slightly during the 60 min incubation ex periment. Studies with antibiotics other than actinomycin gave no clear answer to the question as to wich type of ribosomes is involved in the D NA stimulated system. In the presence of DNA, more polypeptide is formed with ribosom es treated with chlorampheni col and also with actidione, even though the effect of chloramphenicol is clearly weaker. Chloramphenicol in the concentration used here is known to inhibit the cell-free protein synthesis only in bacterial and chloroplasmic ribosom e systems 19. In Chlorella, the endogenous mRNA mediated incorporation is only slightly affected by chloramphenicol. In the presence of chloramphenicol and DNA, the incorporation is a little higher than without DNA, but the initial rate of the control is not reached. In contrast to this, actidione is strongly affecting the endogenous incor poration in the Chlorella system. Actidione is an in hibitor of protein synthesis in cell-free systems of higher organisms. In plant cells, cytoplasmic ribo somes are strongly affected by actidione. With con trast to the endogenous incorporation, the stim ula tion of the system by DNA also takes place in the presence of actidione, although the rate of the con trol with DNA is not reached. Higher concentrations of both antibiotics, than used here, did not lower more the amino acid incorporation in vitro.
Discussion
With the electron microscope, a direct association of D N A with ribosom es was observed after incuba tion of the protein synthetizing system with DNA. This association is interpreted as direct interaction of DNA molecules with ribosomes. The DNA m ole cules used here are not able to m igrate alone through the sucrose gradient used. Therefore, they cannot be together with ribosom es by chance in the polysome region of the gradient from which the electron m icro scopic preparations were taken. 
